The intensively cultivated areas of the pampa of central Argentina support an assemblage containing six species of rodents that comprise up to 95% of total smallmammal captures (Mills et al., 1991) . Five of these are cricetids, Calomys musculinus, C. laucha, Akodon azarae, Bolomys obscurus, and Oligoryzomys flavescens, and the sixth is the murid, Mus musculus. The involvement of rodents as reservoirs for Junin virus, etiologic agent of Argentine hemorrhagic fever, has stimulated much research on the biology and ecology of pampa rodent communities (Mills et al., 1991) .
Removal and mark-release trapping studies for these six species have documented two patterns in abundance and habitat use (de Villafafie et al., 1977; Kravetz, 1977; Mills et al., 1991) . Bolomys, Akodon, and Oligoryzomys are captured predominantly in linear or border habitats such as fencelines, roadsides, and railroad rights-of-way. Their populations peak in late autumn and winter, and a relatively stable population size is maintained throughout the year. Calomys and Mus make extensive use of cultivated fields, and their populations are subject to extreme annual cycling, peaking in late summer or early autumn with low numbers in winter when crop fields are barren (Mills et al., 1991 Our purpose is to describe the reproductive characteristics of these six species of pampa rodents. Specifically, we characterize seasonal patterns in reproductive activity, providing average embryo counts, estimates of prenatal or perinatal mortality, patterns ofjuvenile recruitment, mass-based population structure, and fecundity patterns among different habitats. were baited with rolled oats or bird seed coated with peanut butter. Traplines of 10-20 traps at 5-m intervals were established in fields of crops (primarily corn, wheat, and soybeans) and along fencelines, roadsides, and railroads. Traps were collected the following morning and rodents transported to a field laboratory for processing. Rodents were anesthetized with ketamine hydrochloride or methoxyfluorane, killed by exsanguination, and necropsied. We recorded mass to the nearest 0.1 g, standard external measurements (length of body, tail, right ear, and right hind foot), external reproductive condition (testes abdominal or scrotal, vaginal orifice perforate or not perforate, and nipples dry or lactating), and internal reproductive condition (number of embryos in left and right uterine horns, crownrump length of embryos, number of resorptions, and length and width of testes). A more complete description of the study area, trap placement, and rodent processing is provided elsewhere (Mills et al., 1991) .
MATERIALS AND METHODS

Trapping was conducted 3-4 nights
Individuals of the six rodent species were categorized into two classes (subadult and adult) based on total body mass. These mass classes were chosen to correspond, when possible, to maturational stages described for each species.
For example, because laboratory-reared C. musculinus became sexually mature at ca. 14 g (de Villafanie, 1981 a), we categorized those < 14.4 g as subadult, and those > 14.5 g as adult. Hodara et al. (1989) reported development of C. laucha to be similar to that of its congener. Therefore, we assumed the same age-specific maturational pattern and set the division between subadult and adult at 12.0 g (Hodara et al., 1989). Mass classes for A. azarae were based on laboratory studies by de Villafaiie (1981 b): adults were those animals _ 14.5 g. As no laboratory data were available for B. obscurus and 0. flavescens, mass classes were assigned according to criteria used for C. musculinus and A. azarae, and may not be indicative of underlying mass-or age-specific maturational stages. Previous studies of wild populations of M. musculus have recognized subadults as those <11 (King, 1950) or <13 g (Brown, 1953) . We set the division between subadult and adult for Mus at 13.0 g (Brown, 1953) .
Three embryo-size classes for C. musculinus, C. laucha, and A. azarae were defined by dividing the total range of crown-rump lengths of embryos at the 33rd and 67th percentiles. Because samples for M. musculus, B. obscurus, and 0. flavescens were small, the total range of embryo sizes was not represented. Therefore, based on similar adult body masses, we assumed the true range of embryo sizes for M. musculus to equal that of C. laucha (?<8 mm, 9-16 mm, _ 17 mm) and that for B. obscurus and 0. flavescens to equal that of C. musculinus and A. azarae (s 10 mm, 11-20 mm, >21 mm). Resorbing embryos were recognized by their darker color, usually smaller size, and abnormal shape (Loeb and Schwab, 1987) . Correlations between numbers of resorbing embryos and total embryo counts and female size were tested for each species. For these analyses, pregnant females were divided into three body-length categories at the 33rd and 67th percentile.
Reproductive data were compared among five habitat types. These consisted of each of the primary crops (corn, wheat, and soybeans); the more stable linear borders (fencelines, roadsides, or railroad rights-of-way); and "other," which included the less common crops (e.g., sunflowers and lentils), streamside, and weedy areas around houses or farm buildings. The major habitats were physiognomically uniform at all study sites. We sampled all of the major habitat categories with approximately equal effort at each study site, and the same six common species of rodents were present at all sites. To test for differences among species, we combined data across the 16 study sites. Data were analyzed on an AppleMacintosh microcomputer, using StatView II (Feldman et al., 1987) . Resorbing embryos were rarely observed in C. musculinus (four of 113 pregnancies, 3.5%), C. laucha (four of 176, 2.3%), and A. azarae (four of 119, 3.4%). In contrast, three of 32 (9.4%) pregnant Bolomys had evidence of resorptions. None of the 33 Mus or 21 Oligoryzomys had resorptions. Of the 15 females with resorptions, 2 had one resorbing embryo, 12 had two each, and I had five.
RESULTS
All but one of the 15 resorptions were observed in small and medium embryo-size classes (but the largest size class accounted for only 22 (4.5%) of total pregnancies). Resorptions were approximately evenly distributed among female body-length classes (four in small females, five in medium, six in large), and did not suggest a pattern associated with age or size of the animals.
There was a significant variation in embryo counts during the breeding season for C. musculinus, C. laucha, and A. azarae (P < 0.05, one-way analysis of variance). These three species showed relatively low embryo counts at the beginning and end of the breeding season with higher numbers of embryos during the summer months (JanuaryMarch; Fig. 3) .
The proportion of females captured over the 2-year period was significantly lower than the expected 0.5 for all species except Akodon (Table 1 ). The proportion of female Akodon was significantly lower than 0.5 only during the first season (November 1987-October 1988). Most species showed an undercapture of females throughout the nonbreeding season and into the early breeding season (June-December). There was a contrasting trend toward overcapture of females during the height of the breeding season (March-April). This pattern held except for Bolomys, which showed an overcapture of females in September and October (Table  1) .
There were no differences in mean embryo counts among the five habitat categories (soybeans, wheat, corn, linear, other) (Fig. 2) , these findings probably reflect loss of mass in many adult individuals, rather than a period of maximum-juvenile re- cruitment. The proportion of large animals (adults) in the population was greatest during the summer (December-February) for C. musculinus (76.7%, n = 184) and C. laucha (81.5%, n = 254); and in the spring (September-November) for M. musculus (66.7%, n = 72), A. azarae(88.2%, n = 135), B. obscurus (77.8%, n = 54) and 0. flavescens (79.4%, n = 34).
DISCUSSION
All six species of pampa rodents showed strong evidence of seasonal breeding. These patterns of major unimodal breeding periods, with some low level of reproduction in all months, are similar to North American temperate rodents of this latitude (Bronson, 1989) . The annual variation in the duration of breeding activity (Fig. 2) can partly be explained by differences in weather patterns between years. Hot, dry summers and cold, wet winters have been described as the conditions most unfavorable for populations of pampa rodents (Crespo, 1944 (Crespo, , 1966 ; de ViIlafafie and Bonaventura, 1987; Mills et al., 1991). Hot, dry summers could decrease reproductive effort by diminishing food supply and habitat quality. Cold, wet winters, which increase mortality of small mammals due to exposure, would leave a smaller and possibly weakened population base to begin reproduction the following spring. The year preceding our study had both an unusually hot and dry summer and an early, cold winter, which may have severely curtailed reproductive efforts in the 1987-1988 season. Later, the early, cold winter and continued, unusually cold spring of 1988 may have resulted in an early termination of the breeding season, poor survival through the winter, and a delayed 1988-1989 reproductive season. In contrast, the longer breeding season observed for Calomys and Akodon in 1989, and early breeding the following spring, may reflect the relatively mild weather patterns in late autumn, winter, and spring during that year (Fig. 1) Underrepresentation of embryos in large size classes may be a general phenomenon when sampling rodents with short gestation periods. This has been noted for Peromyscus maniculatus, Thomomys bottae (Loeb and Schwab, 1987) , and Microtus pennsylvanicus (Beer et al., 1957) . This phenomenon may reflect a sampling bias due to the increased growth rate of embryos at the end of gestation, resulting in a shorter period of time, and correspondingly less chance of being captured, in the large size class, or decreased feeding and movement of females shortly before parturition. Regardless of its cause, this undercapture of females with large embryos, combined with the negative correlation between embryo size and embryo count, would result in the overestimation of litter sizes when average embryo counts are used as a predictor (Loeb and Schwab, 1987) . In fact, average embryo counts from our study were much higher than average litter sizes from laboratory studies for the same species: C. musculinus had 5. Females of all six species of pampa rodents represented < 50% of captures, except during the breeding season. Increased trappability of female rodents during the breeding season may be a consequence of greatly increased energy requirements during pregnancy or lactation (Millar, 1989) , which places females at increased risk (Dalby, 1975 Any analysis of the age structure of a population based solely on body mass is necessarily confounded by interactions with climate and resource availability. Our data indicated the highest proportion of individuals of lower mass for all species during the winter, after most reproduction has ceased. It is likely that these data actually reflect loss of body mass due to seasonal effects, rather than peak juvenile recruitment. The finding of maximum numbers of animals of higher mass in the spring or summer is likely to be a more accurate reflection of the population structure based on corroborating evidence from the reproductive profiles of individuals and our previous studies of population fluctuations (Mills et al., 1991) .
Environmental variability is a major factor in the evolution of life histories in mammals (Boyce, 1988) . The seasonal environmental fluctuations that lead to population declines in Calomys and Mus (harvest and onset of cold weather) are predictable, occur after the breeding season, and primarily affect adult survivorship. Under these conditions, models of life-history strategies predict that relatively higher fecundity (many young and a larger reproductive effort) would distinguish the group inhabiting relatively unstable cultivated fields (Boyce, 1988; Steams, 1976) . Our data place C. musculinus at one extreme of the fecundity gradient, with the highest embryo counts, longest breeding season, and a high percentage of pregnant females. Bolomys was at the other extreme, with low values for most characteristics, but between these extremes was a gradient of values for the other four species (e.g., Oligoryzomys had a low average embryo count, but a long breeding season and intermediate percentage of females pregnant). Interspecific behavioral interactions, rather than purely physiological adaptations, may strongly influence the habitat associations that characterize this group of rodents (Kravetz, 1977) , and must be considered in conjunction with reproductive profiles.
RESUMEN
Durante un periodo de 2 afios se capturaron mamiferos pequefios a 16 localidades de la pampa Argentina. El 96.3% de las capturas incluyeron las siguientes seis especies de roedores: Akodon azarae, Calomys musculinus, C. laucha, Bolomys obscurus, Oligoryzomys flavescens y Mus musculus. La estaci6n reproductiva generalmente incluy6 el periodo comprendido entre septiembre u octubre hasta abril o mayo, pero el tiempo templado durante el otofio e invierno del segundo afio ocasion6 una prolongaci6n del segundo periodo reproductivo. Las hembras constituyeron > 50% de los animales capturados durante la estaci6n reproductiva, mientras que durante la estaci6n no reproductiva, su captura fue significativamente <50% para las seis especies. Se observ6 una correlaci6n negativa entre la longitud de los embriones y el n6imero de embriones por prefiez. Hubo baja representaci6n de hembras con embriones grandes en los muestreos. C. musculinus tuvo el periodo reproductivo mis largo; C. musculinus y Mus tuvieron el mayor nuimero de embriones por prefiez. Las especies con los porcentajes mis altos de hembras gestantes durante el periodo reproductivo fueron Calomys y Oligoryzomys. Aunque hubo un predominio de animales pequefios durante el invierno, es probable que este hallazgo no indique el reclutamiento de animales j6ve-nes durante este periodo, sino que refleje la perdida de masa en animales adultos frente a una 6poca desfavorable.
